Twelve lambs were inoculated transtracheally and intranasally with Mastadenovirus ovi 5 strain RTS-42 and killed sequentially. Pulmonary lesions were studied by light and electron microscopy. Four lambs served as sham inoculated controls. Pulmonary lesions consisted of multifocal areas of bronchiolitis and alveolitis associated with necrosis and sloughing of isolated type I and type I1 alveolar epithelial cells and nonciliated bronchiolar epithelial cells. This was followed rapidly by hyperplasia of the remaining epithelium and repair of the damage. A cellular infiltrate of neutrophils and macrophages began at 2 days after inoculation, peaked at 4 days after inoculation, gradually diminished until minimal at 12 days after inoculation, and was resolved at 21 days after inoculation. Surfactant was abundant and, along with debris, was removed from the alveoli by macrophages. Clinical disease was not seen, but lesions were believed to be sufficient to allow bacteria to colonize the lungs and cause severe disease.
In this report, we describe histological and ultrastructure changes induced in lambs by RTS-42 strain of M. ovi 5 which was isolated from sheep in the central United S t a t e~.~J~ Details of clinical, serological, and virological studies are reported elsewhere (H. D. Lehmkuhl and R. C. Cutlip, manuscript in print). There were no clinical signs; affected lambs seroconverted to the virus; and virus was isolated only from the respiratory tract.
Materials and Methods
Sixteen 1 -week-old colostrum-deprived Columbia lambs were used. Twelve lambs were each inoculated transtracheally with 2 ml and intranasally with 1 ml of inoculum. Inoculum was cell culture fluid containing 1 05.5 median cell culture infective doses per ml of second passage M. ovi 5, strain RTS-42 propagated in ovine fetal kidney cells. Purity of virus culture was established by techniques of virus isolation, thin section and negative staining electron microscopy, and virus neutrali~ation.~J~ Two lambs each were killed with sodium pentobarbital and succinylcholine chloride on days 2, 4, 6, 8, 12, and 21 after inoculation. Four control lambs were inoculated as above with sterile cell culture fluid from virusfree cells, and two lambs each were killed on days 6 and 12 after inoculation.
All lambs were necropsied and tissues were evaluated macroscopically. Major tissues, including 5 to 10 mm slices of cranial, middle, and caudal lobes of the right lung, posterior mediastinal lymph node, kidney, liver, urinary bladder, thymus, upper and lower trachea, nasal turbinate, jejunum, and colon were taken for microscopic evaluation following routine fixing by immersion in formalin, embedding in paraffin, and staining with hematoxylin and eosin." For electron microscopy, l to 2 mm cubes of lung with macroscopic lesions were fixed by immersion in 2.5% glutaraldehyde, post-fixed in osmium tetroxide, dehydrated in a graded series of ethanol, and embedded in epoxy resin.2o Ultrathin sections were cut and stained with uranyl acetate and lead citrate.)' For immunofluorescent microscopy, samples of lung were frozen in 5% methyl cellulose and sectioned with a freezing microtome. Sections were stained with fluorescein isothiocyanate conjugated with antiserum from an infected sheep.Io Controls for immunofluorescent staining were noninfected and infected cell cultures, noninfected lamb lung, and infected lung blocked with nonconjugated antiserum.
Results
Except for petechial hemorrhage in the urinary bladder of two lambs, lesions were confined to the lungs. Two days after inoculation with virus, macroscopic lesions in the lungs consisted of small irregular areas of hyperemia and consolidation in the cranial and middle lobes. Small fibrin tags were attached to the visceral pleura. Four days after inoculation, pulmonary involvement was similar, but more extensive than at 2 days. Much of the lung did not deflate and was firm and dense. Six days after inoculation, involved areas of the lungs were greyish-red to grey and firm. Affected foci were located irregularly in the cranial lobes, centrally in the middle lobes, and ventrally in the caudal lobes. Ten percent of lung was estimated to be involved. Changes were similar 8 days after inoculation. Twelve and 21 days after inoculation the lungs were mottled pink to reddish-pink, but were otherwise normal.
Microscopically, pulmonary lesions were bronchiolitis and alveolitis distributed in a lobular pattern. Lesions were not seen in bronchi, upper respiratory tract, or other tissues examined. Two days after inoculation, isolated epithelial cells in bronchioles and alveoli were necrotic and some had sloughed (Fig. 1) . Neutrophils, necrotic epithelial cells, macrophages, and fibrin filled some bronchioles and alveoli. Some epithelial cells had enlarged nuclei containing pale eosinophilic granules. The most severe lesions were seen in lambs killed 4 days after inoculation at which time neutrophils and macrophages filled the bronchioles and alveoli of many lobules in the lungs (Fig. 2) . Necrotic changes in the bronchiolar and alveolar epithelium and nuclear changes in epithelial cells were like those seen at 2 days after inoculation. At 6 days after inoculation, fewer neutrophils and more macrophages were present in airways, bronchiolar and alveolar epithelium were hyperplastic (Fig. 3) , and many blood vessels and bron-chioles were cuffed with lymphocytes and macrophages. The reaction at 8 days was similar to that at 6 days except there were fewer neutrophils, more alveolar macrophages, and more hyperplastic epithelium. At 12 days after inoculation, one lamb had pulmonary changes similar to those in lambs killed at 6 days, and the other lamb had changes like those killed at 8 days with the exception of fewer macrophages in the alveoli and alveolar septa. At 21 days after inoculation, both lambs had a few mononuclear cells in the pulmonary alveoli and alveolar septa, but otherwise were normal.
Neither electron microscopy nor immunofluorescence microscopy revealed virions or viral components in pulmonary tissue of infected lambs. As seen with the electron microscope, there was degeneration and necrosis of type I (Fig. 4) and type I1 (Fig. 5 ) alveolar epithelial cells at 2 and 4 days after inoculation followed by degeneration and necrosis of nonciliated bronchial epithelial cells (Fig. 6 ) at 4 and 6 days after inoculation. Regenerated type I1 cells were evident by 6 days after inoculation. Alveolar macrophages with large phagosomes containing cellular debris and surfactant filled many alveoli from 2 to 8 days after inoculation. A large amount of surfactant, free and within macrophages, was seen in alveoli throughout the early infection. Neutrophils were seen throughout the infection; at 2 days after infection many were sequestered in blood vessels and interstitial tissue, and in more advanced lesions they were primarily in alveoli and terminal airways in various stages of degranulation and degeneration. Few neutrophils were present at 2 1 days after inoculation. Six to 8 days after inoculation there was hyperplasia of type I1 alveolar epithelial cells. Tissues of control lambs were normal.
Discussion
Experimental infection of young colostrum-deprived lambs with ovine adenovirus type 5 caused no clinical disease. This contrasts with other reports of mild d i a~r h e a , '~.~~ serious nasal discharge, and lachrymation.* In our lambs, lesions were found only in the lungs and consisted of degenerative bronchiolitis and alveolitis with necrosis and sloughing of isolated type I and type I1 alveolar epithelial cells and nonciliated bronchiolar epithelial cells. There was excessive surfactant and intense infiltration of neutrophils into the alveolar and bronchiolar lumens. Cellular debris and surfactant were cleared rapidly by alveolar macrophages, and damaged epithelium was repaired by proliferation and differentiation of undamaged epithelial cells.
Another isolate (47F) of M. ovi 5 from sheep in the United States caused a mild interstitial pneumonia with interstitial edema and infiltration of macrophages and lymphocytes. 26 In contrast to the marked accumulation of neutrophils in air spaces of our lambs, the 47F isolate caused minimal accumulation of neutrophils and mild enteritis. A Hungarian isolate of sheep type 5 adenoviruses caused moderate to severe rhinitis, interstitial pneumonia, enteritis, and nephritis characterized by moderate infiltration of lymphocytes, macrophages, and neutrophils into the interstitium.8 Endothelial cells of pulmonary capillaries were swollen and epithelial cells of pulmonary alveoli and renal proximal tubules were degenerated and detached, but hyperplasia was not reported. Intranuclear inclusions were seen in these endothelial and epithelial cells. We saw pale eosinophilic granular inclusions in nuclei of a few alveolar epithelial cells by light microscopy, but were unable to confirm their nature by either immunofluorescent or electron microscopy. Such inclusions probably represent abnormal proteins synthesized by injured c e k 9 Failure to find virus by immunofluorescent staining and by electron microscopy probably is related to a low concentration of virus in the lesions. The necessity of making subpassages to recover virus in culture is indicative of a low concentration of virus. Others have also failed to demonstrate the virus in lung by electron microscopy.8 Much of the epithelial damage demonstrated in this study may have resulted from the action of enzymes released from neutrophils during degranulation and degeneration processes rather than from direct effect of the virus. If so, a minimal concentration of virus that could recruit neutrophils, possibly through chemotactic factors mediated by viral penton fibers, may have been sufficient to be detected by a sensitive culture technique but insufficient to be detected by the less sensitive immunofluorescent microscopic and electron microscopic techniques.
